This paper examines the importance of income effects in purchase decisions for every-day products by analyzing the effect of gasoline prices on grocery expenditures. Using detailed scanner data from a large grocery chain as well as data from the Consumer Expenditure Survey (CES), we show that consumers re-allocate their expenditures across and within food-consumption categories in order to offset necessary increases in gasoline expenditures when gasoline prices rise. We show that gasoline expenditures rise one-for-one with gasoline prices, consumers substitute away from food-away-from-home and towards groceries in order to partially offset their increased expenditures on gasoline, and that within grocery category, consumers substitute away from regular shelf-price products and towards promotional items in order to save money on overall grocery expenditures. On average, consumers are able to decrease the net price paid per grocery item by 5-11% in response to a 100% increase in gasoline prices. Our results show that consumers respond to permanent changes in income from gasoline prices by substituting towards lower-cost food at the grocery store and lower priced items within grocery category. The substitution away from full-priced items towards sale items has implications for microeconomic discrete-choice demand models as well as for macroeconomic inflation measures that typically do not incorporate frequently changing promotional prices.
Introduction
The extent to which relatively small income shocks change consumer purchase behavior has significant implications for our understanding of business cycles, fiscal policy and the macro economy. For example, some argue that increases in oil prices may lead to recessions through an income effect on overall consumption . 1 If spikes in gasoline prices significantly decrease disposable income, and if consumers react by curbing expenditures in other categories, then oil prices may have a significant impact on the macro-economy through their effect on consumption. Several recent studies present empirical evidence that households do not smooth consumption over income fluctuations, but instead adjust current consumption to changes in current income more than would be expected under the Permanent Income Hypothesis (Poterba, 1988; Shapiro and Slemrod, 1995; Parker, 1999; Mankiw, 2000; Stephens, 2003; Cullen et al., 2004; Shapiro, 2005; and Card et al., 2006) . This paper uses data from the Consumer Expenditure Survey (CES) and detailed scanner data from a large grocery retail chain in California to examine if and how consumers adjust every day purchases in response to relatively small changes in disposable income caused by sharp increases in gasoline prices. We find that consumers re-allocate their expenditures across and within food-consumption categories in order to offset necessary increases in gasoline expenditures when gasoline prices rise, 1 Other mechanism through which oil prices may affect GDP focus on the role of oil as an input to production in a variety of sectors of the economy (Rotemberg and Woodford,1996; , or the price of oil as a factor that affects investment and value added through increased uncertainty (Bernanke, 1983) . Barsky and Killian (2004) summarize the empirical evidence suggesting that oil prices spikes cause recessions, and the mechanisms through which this effect might occur.
as we might expect under the Permanent Income Hypothesis when gasoline prices follow a random walk.
From 2000 through 2005 gasoline prices were very volatile, following a random walk that ranged from less than $1.50 to around $3.00 per gallon. We first use data from the CES to examine how gasoline prices affect reported gasoline expenditures and expenditures on frequently purchased categories such as food-away-from-home and groceries. CES data imply that gasoline purchases constitute a significant fraction of household expenditures, and most empirical estimates show that gasoline demand is extremely price inelastic (Dahl and Sterner, 1991; Espey, 1998; Puller and Greening, 1999; Nicol, 2003; , Hughes, et al., 2006) . Using data from the detailed diary files we find that gasoline expenditures increase one for one with gasoline prices. Hence, for a household that spends 5% of disposable income on gasoline, a doubling of gasoline prices would lead to a 5% decrease in disposable income available for other weekly purchases such as groceries, restaurants and entertainment.
Using the CES data we find that food expenditures away from home decrease significantly when gasoline prices rise, with a 45-56% decline in expenditures on foodaway-from-home associated with a 100% increase in gasoline prices. Although consumers appear to decrease expenditures on food-away-from-home, we find that these savings are partially offset by increases in food purchased at grocery stores. We find a positive but marginally significant increase of 15-19% in grocery food expenditures for a 100% increase in gasoline prices. Hence consumers appear to substitute away from more expensive expenditures on food-away-from-home towards less expensive grocery purchases in order to reduce expenditures on food consumption when expenditures on gasoline rise.
Although the analysis using the CES data tells an interesting story of how consumers may adjust food expenditures in response to income shocks caused by gasoline price spikes, the story is incomplete. The CES data contain relatively small samples and do not have the detail necessary to examine how consumers adjust what they buy at the grocery store when gasoline prices increase. Hence we turn to detailed scanner data from a large grocery retailer in California to examine if the suggestive patterns in CES data are born out in grocery purchases, and how consumers adjust what they buy within grocery categories in response to income shocks. We use weekly store-level data on revenues and sales from 180 West Coast grocery stores for products (UPCs) in frequently purchased consumer food categories. We find that consumers adjust to higher gasoline prices by substituting within category towards products that are on sale: the fraction of purchases within a product category from items on sale increases significantly with gasoline prices.
We also show that on average, quantity-weighted price paid for products decreases when gasoline prices increase, so consumers save money on groceries by shifting purchases towards promotional items. Using data from the grocery retailer on consumer-level demographics for each store, we show that this effect is generally strongest for stores serving lower-income families and weakest for those serving high-income households.
Overall, we find evidence that consumers significantly adjust food consumption to reduce expenditures in response to decreases in disposable income caused by gasoline price increases. Our approach provides a number of benefits for identifying the effect of small changes in disposable income on consumer purchase behavior. First, gasoline demand is very inelastic, so increases in gasoline prices translate directly into decreases in income available for other expenditures. Second, since gasoline is not a substitute for grocery products, finding an effect of gasoline prices on product choice for a category such as cereal can be attributed to an income rather than a substitution effect. Third, gasoline prices are arguably exogenous to local store product selection, to changes in relative prices within product categories (e.g. the price of Corn Flakes versus Wheaties), and to other inter-temporal or idiosyncratic shocks to household income. They also follow a particular pattern of spikes and troughs in California over the three years in our analysis, reducing the chance that any identified effect of gasoline prices on grocery purchases could be caused by other potentially confounding trends in household preferences or income levels over time.
Our results imply that changes in income affect every-day purchase decisions. A back-ofthe-envelope calculation based on our results implies that consumers offset about 70% of the increased expenditures when gasoline prices double by substituting away from eating out towards groceries and by substituting towards promotional items at the grocery store.
Since food expenditures are approximately 20% of total expenditures (from CES data), this implies a more-than-proportional income effect in this category relative to other expenditure categories that may be less easily adjusted in the short-run such as mortgage, gasoline expenditures, and car payments (Chetty and Szeidl, 2007) . Typical discretechoice demand models abstract from income effects when modeling purchase decisions in relatively small-priced product categories like groceries. Although an individual grocery product's price is small in comparison to overall income, grocery expenditures may be one of the easiest margins on which to adjust expenditures in response to unexpected changes in permanent income, hence grocery product choice may be one of the most sensitive rather than least sensitive expenditures to income shocks in the shortrun. In addition, the ability of consumers to significantly decrease expenditures by simply substituting towards promotional items suggests that measures of inflation that do not flexibly incorporate sale and promotional prices may not fully capture changes in overall cost of consumption.
Gasoline Prices, Income, and Food Expenditures in the CES
Gasoline prices have increased dramatically several times over the past five years. This volatility has been particularly prominent in California markets where gasoline prices have spiked due not only to spikes in crude oil prices, but also due to regional supply shortages from refinery outages and other supply disruptions. 2 In addition, run-ups in gasoline prices are often more severe than in other regions of the country even when caused by the same underlying changes in crude oil prices. From 2000 through the end of 2005, California gasoline markets experienced several large increases in gasoline prices.
2 California requires its own formulation of gasoline to meet California Air Resources Board emissions standards. This formulation is not required in other regions of the country, separating California to some degree from gasoline supply in the rest of the nation. respectively.
Because gasoline consumption is very inelastic in the short run, changes in gasoline prices translate directly into changes in gasoline expenditures. Table II presents regression results of gasoline expenditures on gasoline prices using the CES detailed diary files data for consumers in West Coast markets for 2000-2004 (the most recent years available). Since we do not know the exact price respondents in CES paid for gasoline, we use weekly regional average gasoline prices for regular unleaded gasoline as reported by the Energy Information Administration as our measure of the price paid for gasoline. We use the West Coast (PADD 5) excluding California average retail gasoline price for all formulations, regular unleaded gasoline for respondents who did not live in California, and the California retail average price for regular unleaded reformulated gasoline for respondents with state FIPS code for California. 8 Table II presents weighted least squares regression of log gasoline expenditures on log gasoline prices, controlling for demographic variables such as income and its square, number of vehicles in the household and its square, race, gender and employment status. 9 The regression controls also include monthly dummies, yearly dummies and a time trend. The results in Table II imply that gasoline expenditures increase 100% when gasoline prices increase by 100%.
The exact point estimates are 1.03 and 1.05 for the entire sample and for urban households respectively, and both are significant at less than 0.01 level. 10
Given that gasoline expenditures rise exactly with gasoline prices, we would expect a 100% increase in gasoline prices to decrease the disposable income available for other purchases by 100% of baseline gasoline expenditures. Recent empirical research has shown using expenditure data, consumption data, and data on instantaneous consumption that consumers do not smooth consumption over changes in income or over income cycles as would be predicted by the Permanent Income Hypothesis (Poterba, 1988; Parker, 1999; Stephens, 2003; Cullen et al., 2004; Shapiro, 2005) . 11 Potential reasons for excess sensitivity of current consumption to current income include liquidity constraints (Deaton, 1991; Gruber, 1997 ; among others), consumer myopia (Shapiro and Slemrod, 1995; Mankiw, 2000; Card, et al. 2006) , impatience (Shapiro, 2005) and mental 8 The EIA reports several gasoline price statistics for West Coast markets. Geographically they report a CA average, a West Coast without CA average, and an entire West Coast average. We use the first two of these statistics. The West Coast is defined by PADD 5 boundaries and includes the states Alaska, Arizona, California, Hawaii, Nevada, Oregon, and Washington. We use the average price for regular unleaded gasoline for all formulations. 9 Weights are given by the Consumer Expenditure Survey. 10 We run the estimation separately for urban households since the retail gasoline prices may be more representative of what urban households pay, and because FIPS codes are less likely to be suppressed for urban residents. 11 In particular, consumption is found to increase due to predictable increases in union wages (Shea, 1995) , predictable tax refunds (Souleles, 1999) , temporary tax refunds (Shapiro and Slemrod, 1995) , and monthly food stamps (Shapiro, 2005) .
budgeting (Thaler, 1985; Shapiro and Slemrod, 1995; Heath and Soll, 1996; Read et al., 1999) . 12 However, since gasoline prices follow a random walk, consumption in food categories may be very sensitive to changes in gasoline prices because they are a relatively easy short-term margin to adjust expenditures relative to more 'committed'
portions of consumption such as commute patterns, auto fuel efficiency, and mortgage payments (Chetty and Szeidl, 2007) . Table I ), and a relatively easy margin on which consumers can adjust weekly expenditures. Third, they allow for a nice comparison with the detailed scanner data in the next section. The first two columns of Table III present regression results for log expenditures for food-away-from-home on log gasoline prices for all respondents and urban respondents respectively. The same controls that were used in the regressions in Table II are also included in these regressions. The results show that expenditures on food-away-from-home decrease by 56% in the sample and 45% among urban respondents when gasoline prices increase by 100%. The coefficients are highly significant and imply an economically significant decrease in expenditures on food away from home in response to increases in gasoline prices. Given that the average respondent in California spends 6.86% of after-tax income on foodaway-from-home (see Table I ), decreasing expenditures on food-away-from-home by 56% translates into savings of almost 4% of income (5% of disposable income). Table III show the effect of gasoline prices on expenditures on food purchased at the grocery store for all respondents and urban respondents respectively. 13 The coefficients imply that grocery purchases increase when gasoline prices increase, although the effect is only significant for urban respondents. The point estimates imply a 15% and a 19% increase in grocery expenditures in response to a 100% increase in gasoline prices. Table I shows that the average household in California spends 11.77% of income on food from the grocery store, so increasing grocery purchases by 15% means spending an extra 1.8% of income (2.4% of disposable income).
Columns 3 and 4 of
Overall the evidence from CES data implies that gasoline price increases translate directly into gasoline expenditure increases due to the extreme inelasticity of gasoline demand. Since consumers cannot substitute for gasoline, they decrease expenditures on food items in order to make up for increased expenditures on gasoline. Although this finding is another piece of evidence that runs contrary to the Permanent Income Hypothesis, the patterns of substitution seem quite rational. Consumers decrease spending on more expensive and perhaps luxury expenditures on food-away-from-home and substitute towards less expensive food purchased at the grocery store in order to make up for lost income spent on high gasoline prices. Taken together, our estimates imply that when gasoline prices increase by 100%, an average respondent in California who spends 3.7% of income on gasoline decreases overall food expenditures by 2.2% of income (a 4% decline in food away from home plus a 1.8% rise in grocery expenditures)
to offset the necessary doubling of gasoline expenditures.
In order to further understand how consumer behavior changes when disposable income decreases due to increased gasoline prices, we analyze detailed scanner data from a major California retail grocery chain. Scanner data allow us to examine transactions from hundreds of thousands of recorded consumer purchases at the UPC level to see how consumers substitute between grocery products when gasoline prices increase.
Results from Retail Grocery Data
Our analysis of retail grocery purchases and how they adjust to changes in gasoline prices involves two data sets. The first data set comes from customer surveys conducted at three of the grocery stores in our scanner data sample. The second data set is scanner data on four product categories from 180 retail grocery stores in California. The survey information helps us to understand how, if at all, customers perceive that they adjust their grocery purchases when gasoline prices rise. The survey was conducted during the week of November 6, 2006 at three of the grocery stores in our scanner data. The survey collected information on customer demographics, customer commute and gasoline expenditure behavior, and information on their grocery store purchase behavior. 14 Overall, a total of 1,200 surveys were completed.
Survey Analysis
There were two main questions about behavioral responses to gasoline prices. First, respondents were asked to state how they felt about the following statement: "When gasoline prices are very high, I tend to save money by watching what I buy at the grocery store". They circled a number from 1 to 7 that corresponded to the degree to which they disagreed or agreed with the statement. Circling a 1 indicated that they strongly disagreed with the statement, circling a 4 meant that they neither agreed nor disagreed, and circling a 7 meant that they strongly agreed. We will refer to this question as Question 1 from here forward. Table IV shows average demographic information for each store as well as the average response to Question 1. 15 The average response to Question 1 is highest at the low-income store, and lowest at the high-income store. Over the entire sample, about 46% of respondents agree to some extent that they adjust their grocery purchases when gasoline prices are high (response to Question 1 equal to 5 or higher).
14 The main purpose of the survey was to collect information on consumer purchasing habits and sensitivity to packaging and labeling for a separate study. We added in questions about gasoline prices and grocery purchases to this survey. The grocery stores were chosen to represent a low, middle, and a high income neighborhood. Participants were approached by a surveyor outside of each store, and offered an incentive of a $10 store credit to fill out a survey form. 15 The demographic information collected from the respondents is very similar to demographic information calculated from the census block groups of residence for each store's customers. For example, the average block-group Median Household Income from the 2000 Census is $56,214, $68,806, and $89,697 for customers at the low-, middle-, and high-income stores respectively. allows for a different marginal effect of income below and above $50,000, and shows that this average 2% effect of income is generated by a larger significant effect among respondents with above median income. The coefficients imply that income significantly decreases the probability that a respondent agrees with Question 1 only among abovemedian income respondents. The marginal effect of an increase in income of $10,000 is 2.7 percentage points which corresponds to a 6 percent decrease in probability of agreeing with Question 1.
The other two significant factors that determine the response to Question 1 are the responses to two questions that attempt to measure how carefully a consumer pays attention to product characteristics (like prices and labels) when purchasing groceries.
These questions ask respondents to indicate how much they agree with the statement that they often read the nutritional label when deciding what product to purchase and to what extent they shop at multiple stores to get lower prices. 18 An increase by 1 in the stated degree to which a customer pays attention to nutritional facts leads to an increase in probability of adjusting groceries purchases of 2.5 percentage points (or a 6% increase).
An increase by 1 in the extent to which consumers feel they are willing to price shop across stores to get the best price leads to a significant 4.2 percentage points (or roughly 10%) increase in the probability of adjusting grocery purchases when gasoline prices rise.
The survey then asked customers questions related to how they adapt their grocery purchases to save money when gasoline prices are high. They were asked to rank from 1 to 7 the extent to which they agreed or disagreed with the following four statements.
"When gasoline prices are very high, I watch what I buy at the store by doing the following:
1. I try to buy the items that are on sale 2. I try to buy the store brand or the generic instead of the brand name item 3. I buy more packaged foods and fewer fresh foods 4. I try to purchase less meat and less prepared foods"
These options were not exhaustive, but were selected based on consumer interviews in media and the press. We will refer to these questions as Questions 2.1, 2.2, 2.3, and 2.4 respectively. shows that buying items on sale has the highest average response. The next two columns of Table VI are indicators for the highest mark and lowest mark given by customer across the four questions. 19 Almost all people ranked buying sale items the highest: the strongest agreement was given to buying sale items for 86% of respondents. 20 The next strongest response is for substituting towards store brands and decreasing purchases of meat products, but for these only 45% and 28% of respondents (respectively) ranked them highest.
The last two columns of Table VI give the fraction of respondents who agree (>4) and fraction who disagree (<4), where a response of 4 is excluded. Notice again that buying on sale is the strongest response in terms of those who agree. The agreement rate is 89%.
More importantly, a very small fraction (5%) disagrees to any extent with Question 2.1.
This measure is similar to measures used in political polling. As important as approval or agreement rating is the fraction of people who disapprove or disagree with a statement.
Almost all respondents look for sale items; however there is a sizeable fraction who state that they don't switch to the store brand or to purchasing less meat or packaged products in order to save money on groceries in response to high gasoline prices.
In summary, based on the survey responses, about 46% of respondents state that they adjust their grocery purchases to save money when gasoline prices are high. 21 The probability is highest among low-income consumers. Among those who adjust their purchases to save money when gasoline prices are high, the main way they adjust purchases is by purchasing items that are on sale instead of their preferred brand (in the case that they differ). We now analyze the panel of scanner data to see if these patterns are born out in actual consumer purchases.
Scanner Data Analysis
We have access to weekly store-level data for a sample of 180 grocery stores from a retail chain in California. The retailer is a standard grocery store chain and has stores in a broad range of socio-economic neighborhoods. We selected 200 stores at random from the stores in the retail chain, with a higher sampling probability placed on stores in lowincome neighborhoods and those with higher average reported commute times. We dropped stores from the final sample that were not open for our entire observation period or did not have customer-level demographic data. This left us with 180 stores total.
We have access to membership card data for the primary customers of each of our 180 stores, with demographic information on each customer attached to their membership card number. These demographics include household characteristics purchased by the retailer from marketing companies as well as demographic data from the 2000 US Census for each customer's Census block-group of residence. We aggregate the customer data at the store-level to show how customer characteristics vary across the stores in our 21 It is interesting to note that 46% is roughly in the range of 'myopic' consumers found in various studies in the prior literature (Shapiro and Slemrod, 1995; Mankiw, 2000l; Card , et al. 2006 ). Table VII reports summary statistics for the customer demographics across stores. There is a large variation in income across the stores in our sample, allowing us to test if store-level purchase patterns respond more to gasoline price spikes at stores serving low-income customers.
sample. 22
For each of the stores we have weekly UPC-level data for all items within four product categories. The data include the total unit quantity of each product sold, the total gross revenue, the total revenue net sale discounts, and the total weight sold where needed (for example, pounds of meat where price is measured in dollars per pound). We use these variables to construct the average gross price per week for each UPC, the average price net of discounts per week, and the total volume sold for each UPC in each week. Because the grocery retailer changes promotions and sales on a weekly basis, the aggregated data yield the correct prices and promotional discounts for each weekly observation.
We match weekly average gasoline prices for Los Angeles to weekly measures of consumer purchase behavior in each category. 23 The average gasoline price in Los
Angeles is a good approximation for local prices that customers at our stores face, but is constant across stores, avoiding potential local endogeneity between gasoline prices and grocery sales (i.e. in one neighborhood, gasoline prices are particularly high, causing customers to buy gasoline and groceries in an adjacent neighborhood). If income effects are important, as suggested by survey results, we would expect to see that when gasoline prices are high, consumers purchase a higher fraction of products on sale, and that the quantity weighted net price paid per unit falls.
The first category we examine is all-family cold cereal (cereal from here on). We examine this category because it is a frequently purchased item, has frequent promotions that significantly discount the items, and doesn't have close substitutes. This category 22 Using the demographic information on the sample of customers based on their residential location is a better measure of the demographics of the store's customers than information based on the store location since stores are typically located in retail-zoned zip-codes or census tract with different demographics than the residential neighborhoods that they draw customers from. 23 The prices used are the Energy Information Administrations weekly average price of regular unleaded reformulated gasoline in Los Angeles, CA.
also represents a large portion of store revenues. Cereals for this grocery chain are approximately 12% of weekly revenues. So they represent an economically important category for retail firms and consumers alike. In addition, the prices for boxed cereals are non-trivial, and it is a category with frequent and substantial promotional sales. The mean price for a box of cereal in our sample is $4.22, with a standard deviation of $0.83. The mean price net promotional discount is $3.78 with a standard deviation of $1.07. The average promotion is a 34% discount of the regular price with a standard deviation of 16%. The large average promotional discount is driven by frequent buy one get one free sales. Approximately 32% of the UPC observations in our data set are on sale.
For the dependent variable we construct the log of the fraction of sales in each week in each store that are from sale (or price discounted) items. 24 We adjust the prices of cereals to account for differences in box sizes, standardizing the prices so that they are comparable across boxes. Table VIII presents regression results for the effect of the log of gasoline prices on the log of the fraction of cereal that is purchased on promotion.
Each regression includes a full set of controls: store level fixed effects, regional time trends, regional monthly dummies, and holiday fixed effects. Holiday effects include separate dummies by year for major holidays and the week before and after the holiday if it falls on a weekend (Thanksgiving, Christmas, New Years, and Fourth of July). We also control for the fraction of UPCs that are on sale within a given week and its square. We allow for first-order autocorrelation in the error terms. 25
The first column in Table VIII presents the coefficients of interest for all stores in the sample. Gasoline prices enter positively and significantly with a coefficient of 0.19. On average, if gasoline prices rise by 100%, the fraction of within-store cereal purchases that come from promotional items rises by 19%. The mean of the fraction of items on sale is listed in the table as well. This percent increase is relative to a mean of 65%, hence it represents a 12 percentage point increase in the fraction of cereal that is bought on promotion. This is more than a one standard-deviation increase in the fraction of items sold on sale.
Columns 2 through 5 present regression results separately for quartiles of the income distribution. Column two presents results for stores with a median customer income of less than $50,000. Columns 3, 4 and 5 present results for stores where the median customer income is between $50,000 and $69,500, between $69,500 and $90,500, and greater than $90,500 respectively. 26 The coefficient on gasoline prices is strongest for the lowest income category and generally decreases as we move from 2 to column 5. A 100% increase in gasoline prices translates into a 27%, 17% 18% and 15% increase in the fraction of cereal sold on promotion respectively across the four income categories. Table VIII Column 3 excluding gasoline prices, and the residuals from a regression of gasoline prices on the other right-hand-side variables from the regression in Table VIII (excluding gasoline prices) for four different stores. The four stores were selected from our sample using a random number generator. These residual regression lines represent the variation in the percent of cereal purchases from promotional items and the variation in gasoline prices after controlling for regional trends, monthly effects, holidays, store fixed effects, and the fraction of UPCs on sale at that store during that
Figure II plots a smoothed nearest-neighbor regression line for the residuals from the regression in
week and its square. The figures graphically illustrate the relationship between gasoline prices and the percent of purchases coming from promotions after other factors have been appropriately controlled for. They show a positive relationship between the percent of cereal purchases coming from items on sale and gasoline prices, although it appears that the response in the residual for cereal purchases follows the gasoline price residuals with a slight lag, indicating that consumers may adjust their purchases as they realize changes in account balances through the month. Table IX presents regression results with the quantity-weighted net price paid for cereals sold over our time period. The regression specification is identical to that of Table VIII, with "the log of quantity-weighted net prices" instead of the "log of percent of items sold on promotion" as the dependent variable. The results show that the quantity weighted net price falls significantly when gasoline prices increase. If gasoline prices increase by 100 percent, the quantity weighted price paid by consumers falls on average by 5 percent. The average quantity weighted price is approximately $3 and this implies that the quantityweighted net price paid falls by about 15 cents. Interestingly, comparing the low with the high income category estimated effects, the high income type has smaller responses to gasoline prices in percent of products purchased on promotion and also has a smaller decrease in standardized net prices compared to the lowest income category.
An average savings of 5 percent on the price of cereal paid in response to a doubling in gasoline prices represents a sizable, but not unreasonable income effect. Using the statistics in Table I on category expenditures form California CES respondents, a 100% increase in gasoline prices would lead to a 3.74% decrease in income for non-gasoline consumption. Using our estimates from Table III , this 100% increase in gasoline prices results in a -0.56*6.86%=-3.84% decrease in food-away-from home expenditure and a 0.15*11.77=1.76 increase in food-at-home expenditure. If consumers substitute towards sale items across all grocery categories in a similar manner, they would save -0.05*11.77=-0.59% of income spent on groceries simply by substituting towards promotional items.
We may be concerned that grocery prices change in a strategic way when gasoline prices increase due to an expected demand response. We do know that the grocery retailer that we are working with does not adjust retail prices with gasoline prices, and we also know that shelf prices are very sticky, not changing as frequently as gasoline prices have over this period (Bils and Klenow; 2004, Eichenbaum, Jaimovich, and Rebelo, 2007; Kehoe and Midrigan, 2007; and Nakamura and Steinsson, 2007) . However, we create a price index to examine if prices consumers faced change with gasoline prices. The index weights each cereal by a time-constant share of sales over the time period at each store so that it varies with price level but not with quantity purchased over time. 27 We create two indexes; one that uses shelf-prices and one that uses prices net of promotional discounts (net-prices are equal to shelf-prices if there is no discount). Table X shows the effect of gasoline prices on each of the price indexes, controlling for store-level fixed-effects and regional time trends. The first column shows that gasoline prices have no effect on shelfprices, as expected. However, the second column shows a positive and significant impact of gasoline prices on net prices. The point estimate implies a 5 percent increase in net prices as a result of a 100 percent increase in gasoline prices, which is similar to other estimates of cost-based increase in PPI and CPI resulting from fuel price increases (see e.g., Chinkook, 2002; Reed et. al, 1997; Urbanchuk, 2007) . Hence product prices appear to adjust flexibly with gasoline prices through the size of discounts and promotions, which change weekly even though shelf-prices remain stable over long time periods.
Note that an increase in net-prices when gasoline prices increase will work against our findings, since increases in net-prices (with no impact on gross-prices) should make promotional items relatively less attractive to consumers and lower their ability to decrease category expenditures by purchasing promotional items. We can control directly for changes in net-price index in our regression analysis. Table XI presents the   specification in Table IX , but also controls for the log of the net-price index as well. The effect of gasoline prices is now slightly larger, implying that a 100 percent increase in gasoline prices leads to a 6.4% decrease in net-price paid. 28 27 We create this index only for the brands of cereal which are always sold in every store over our period. This approach is similar to the approach others have taken in the literature (Chevalier et al., 2003; Hoch et al., 1995) . This index is correlated with price changes due to changes in input costs but does not change due to changes over time in which products we observe being sold. The products we observe being sold change when new products enter, when products exit, or when infrequently-purchased items are sold. These changes the products purchased are part of the variation we want to include when measuring fraction of products sold on sale and quantity-weighted price paid, but not when measuring changes in prices due to input costs, for example. 28 One thing we cannot examine is if gasoline prices affect the relative prices of all grocery products differently, since we only have access to a handful of product categories. For example, in Connecticut, where apples are grown locally, it may be the case that gasoline prices cause larger increases in net prices for oranges than for apples, causing low-income and more price sensitive consumers to substitute away from oranges towards apples, and thus increasing the fraction of items purchased on sale and the net price paid for apples independently of a direct income effect from gasoline. We do examine four product categories that a priori may not have such easy substitutes and find similar overall effects as we do in the cereal category. We are currently working on incorporating income effects into a model of grocery-product choice. Tables XII through XIV present similar regressions to those presented in Table IX Table XII shows There are not many brand varieties, and organic or free-range varieties were not prevalent at this retail chain during this time period. Price is measured in price per pound, and quantity sold is measured in pounds. For fresh chicken, 32% of the observations in the data set are on promotion. The average gross price per pound across products is $3.37 with a standard deviation of $1.76, and the average net price per pound is $3.10 with a standard deviation of $1.75. The average markdown is 27% of the price with a standard deviation of 15%. Hence the average markdown as a percent of price is lowest for this category. The fist set of regressions in the top panel of Table XIII show that a 100% increase in the price of gasoline is associated with a 49% increase in the fraction of fresh chicken purchased on promotion on average. The effect of gasoline prices on the percent sold on promotion does vary across the store-location income categories as it did for the previous two products. Interestingly the increase in promotional purchases translates into decreases in prices paid more for stores located in middle-income neighborhoods than for stores in the lowest-income neighborhood. This implies that consumers at stores in income groups 2-4 purchase items with higher average markdowns when they substitute towards items on sale.
Table XIV presents results for the fresh orange juice category. The regression results in the top panel indicate that a 100% increase in the price of gasoline is associated with a 10% increase in the fraction of orange juice purchased on promotion. The effect of gasoline prices on the percent sold on promotion however, is smallest for the lowest income category and similar for the other three income categories. This may be due to differences in the relative wealth of those who purchase fresh orange juice (instead of frozen or shelf-stable sweetened drinks) or the relative substitutability of fresh orange juice for other drinks in stores serving consumers with lower median income levels versus stores serving customers with higher median income. In addition, the decrease in quantity weighted price paid is significant, but statistically the same across all income categories.
Finally, Table XV considers the effect of gasoline prices on overall net revenues for the retailer. The analysis of the CES data implied that grocery expenditures rise when gasoline prices rise, as consumers substitute away from food purchased away-from-home towards less expensive grocery products. We will not be able to look at total volume sold and total store revenues for all grocery food products, but we can look at how these two statistics change for the four categories in our analysis. The top panel shows the effect of gasoline prices on total quantity sold in each of our categories, and the bottom panel shows the effect on total revenues. We include the same regression controls as those in Tables VIII-XIV . Across all four categories, total quantity sold increases significantly with gasoline prices. It is important to note that this increase in quantity sold includes both potential increases in volume sold due to substitution away from eating-out towards groceries as well as substitution within groceries between categories (e.g. from beef to chicken). The second panel shows increases in revenues, which takes into account both increases in sales when gasoline prices rise as well as decreases in average price paid as consumers substitute towards items on promotion. The increases in revenues for cereal and orange juice are similar to the estimates for increases in grocery expenditures in the CES data: the estimates imply that expenditures increase by 30% and 12% for those two categories respectively when gasoline prices increase by 100%. The estimates for chicken and yogurt are substantially higher. This may be because across all groceries, these two items are easy substitutes for lunches and snacks (yogurt) or dinner (chicken). In addition, chicken sales and revenues may increase more as people substitute within store away from more expensive beef and towards the cheaper chicken.
Conclusion
This paper uses data from the detailed diary files of the Consumer Expenditure Survey and detailed scanner data to examine if grocery and food expenditures change with small shocks to disposable income. We use spikes in gasoline prices to examine how changes in disposable income affect stated food expenditures in the CES and actual scanner-data grocery purchases at the grocery store. We find several interesting results. First, we show that gasoline expenditures as reported in the CES increase one for one with gasoline prices. While consumers cannot easily substitute away from gasoline when prices rise, we find using the CES diary files that they decrease expenditures on food-away-from-home and substitute towards purchasing food at grocery stores. We then show that consumers substitute further within their grocery store purchases. Using survey data and scanner data for four frequently purchased food categories, we find that consumers substitute towards items that are on sale and away from full-price items when gasoline prices spike.
This significantly reduces their overall price paid per unit purchased by an average of 5-11% in the categories we study.
These findings have a variety of implications for modeling in micro and macroeconomics. Given that we find significant effects of gasoline prices on grocery purchases, price sensitivity, and product choice, discrete choice models used to estimate consumer choice and competition between products (e.g., McFadden, 1974; Berry 1994; and Berry, Levinsohn and Pakes, 1995) might be adapted to incorporate income effects (de Palma and Kilani, 1999 or Allenby and Rossi, 1991) . A second implication relates to the important role of product substitution and consumption smoothing analysis in the presence of income shocks. First we find evidence that consumption patterns respond to changes in disposable income due to spikes in gasoline prices. However, we find that consumers display both across-category substitution (food-away-from-home versus groceries) and within-category substitution towards products on promotion. Hence actual consumption might not change as much in response to small income shocks as overall expenditures do. Aguiar and Hurst (2005 , 2007a and 2007b provide evidence of the importance of substitution to explain consumption and expenditure effects at the time of retirement. We find that consumers smooth consumption across categories, reducing expenditures by substituting towards lower-cost food at the grocery store, and lower priced items within grocery category in order to curb expenditures when gasoline prices rise. -0.006*** -0.006*** 0.000** 0.000** (0.001) (0.001) (0.000) (0.000) After-Tax Income 0.005*** 0.005*** 0.002*** 0.003*** (in thousands of $) (0.001) (0.001) 0.001 (0.001) After-Tax Income Squared -0.0000* -0.0000* -0.0000** -0.0000** (0.000) (0.000) (0.000) (0.000) Age 0.015** 0.013** 0.027*** 0.027*** (0.005) (0.005) (0.002) (0.003) Age Squared 0.000*** 0.000*** 0.000*** 0.000*** (0.000) (0.000) (0.000) (0.000) Other Controls:
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Figure II: Smoothed Regression Line of Regression Residuals for Percent of Cereal Sold On Sale and Retail Gasoline Prices

